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Don’t Sleep on It: Less Sleep Reduces Risk for Depressive Symptoms in
Cognitively Vulnerable Undergraduates
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The current research tested a new theory of depression that integrates work on sleep and cognition. In
general, good sleep is essential for physical and mental health. However, we theorize that sleep can
actually increase risk for depressive symptoms in cognitively vulnerable individuals. This is because the
negative cognitions generated by these individuals are strengthened and consolidated each night during
sleep. Three studies were conducted to test this theory. Studies 1 (n � 134) and 2 (n � 47) used
prospective designs and showed that undergraduates with high, but not low, levels of cognitive
vulnerability were most likely to exhibit increases in depressive symptoms when sleeping well as
operationalized by self-reported quality and objectively measured duration (via actigraphy). Study 3 (n �
40) used an experimental design and provides the first causal evidence that it may be possible to prevent
future depressive symptoms in cognitively at-risk undergraduates by restricting their sleep during times
of high perceived stress.
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Scientists have made great strides during the last 40 years in
identifying the factors that create risk and resilience to depression.
Cognitive factors have featured prominently in this work. Accord-
ing to the cognitive theories of depression (e.g., Abramson et al.,
1989; Beck, 1976; Nolen-Hoeksema & Morrow, 1991), some
people have a cognitive vulnerability that puts them at heightened
risk for developing future depression. Specifically, people are
vulnerable to depression when faced with stressful life events1

because they have a propensity to brood, infer negative self-
characteristics, and infer negative future consequences (Abramson
et al., 1989; Beck, 1976; Nolen-Hoeksema & Morrow, 1991).

A significant body of research supports the cognitive vulnera-
bility hypothesis (see reviews by Haeffel et al., 2008; Nolen-
Hoeksema et al., 2008). Longitudinal studies show that individual
differences in how people interpret stressful life events (i.e., their
level of cognitive vulnerability) determine risk for developing
future depression. Some of the strongest empirical support for the
cognitive theories comes from the Cognitive Vulnerability to De-
pression (CVD) Project (Abramson et al., 1999; Alloy, Abramson,
Whitehouse, et al., 2006). This project used a behavioral high-risk
design with a never depressed sample and found that participants
with high levels of cognitive vulnerability were approximately 7
times more likely than those with low levels of cognitive vulner-

ability to develop major depressive disorder (Alloy, Abramson,
Walshaw, & Neeren, 2006; Alloy, Abramson, Whitehouse, et al.,
2006). This research, along with a growing number of short-term
prospective studies (see Haeffel et al., 2008 for review), estab-
lishes temporal precedence and suggests that cognitive vulnerabil-
ity may be a causal contributor to depression.

A strength of the cognitive model of depression is the ease with
which it can be translated to prevention and treatment interven-
tions. According to the cognitive theories, depression can be
prevented and treated if cognitive vulnerability is decreased. Thus,
a central goal of many depression interventions is to reduce an
individual’s cognitive vulnerability, a process referred to as “cog-
nitive restructuring.” People are taught to monitor their mood,
identify the accompanying automatic negative thoughts, evaluate
the veracity of the thoughts, and then generate more adaptive/
realistic thoughts (Beck, 1976). This is typically accomplished
through a number of strategies including psychoeducation, thought
experiments, and homework (e.g., thought-record worksheets).
Research shows that cognitive interventions (e.g., Cognitive Be-
havioral Therapy; CBT) are as effective as any other intervention
available (including medication) for preventing and treating de-
pression (Hollon et al., 2002). Thus, cognitive interventions are
often considered a gold-standard intervention for both the preven-
tion and treatment of depression (Hollon et al., 2014).

1 Cognitive vulnerability models of depression (like the hopelessness
theory and ruminative response style theory) tend to be agnostic to the type
of stress that is most important for conferring risk for depression. The stress
can be acute, chronic, perceived, objectively occurring, self-generated, or
independently generated. The critical theoretical consideration is the mean-
ing the individual attaches to that the stress (e.g., implications for one’s
self-worth and future), whatever kind it may be.
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However, a closer look at the literature reveals that cognitive
interventions are not a panacea. In past studies, the effect sizes for
cognitive interventions were only the small to moderate range
(Lynch, Laws, & McKenna, 2010). In treatment studies, about half
of patients respond to cognitive interventions with only one third
of patients meeting criteria for full remission (Hollon et al., 2002).
Similarly, in prevention studies, the positive outcomes tend to be
small in size and fade over time (e.g., Garber, 2008). These results
highlight the critical need to improve interventions for depression,
as even this gold-standard intervention does not help most people.

We theorize (Haeffel, 2010; Haeffel, Rozek, Hames, & Tech-
now, 2012) that cognitive interventions for depression are not
effective for a majority of people because the skills taught by these
interventions are too difficult to use when they are needed most
(e.g., during stress). Patients are taught a deliberate and effortful
process by which they must identify, evaluate, and ultimately
inhibit a negative style of thinking to adopt a more adaptive style
of thinking. This process of supplanting a highly engrained pattern
of thinking with a new pattern of thinking (in the same domain) is
difficult. This is because the existing knowledge can inhibit the
learning (and subsequent use) of the new knowledge (e.g., McNeil
& Alibali, 2005). After cognitive therapy, a cognitively vulnerable
person will have competing cognitive reactions to a stressful
event—their well-established negative interpretation and their
newly learned adaptive interpretation. For the newly learned in-
terpretation to “win” the competition, the person must have enough
cognitive resources to inhibit their automatic negative interpreta-
tion (Shiffrin & Schneider, 1977). Thus, for cognitive therapy to be
effective, the cognitively vulnerable individual must have enough
cognitive resources to inhibit their entrenched negative cognitive
style and use a more adaptive style. Unfortunately, cognitive
resources are not readily available for vulnerable individuals.
Research shows that individuals with high levels of cognitive
vulnerability show reduced cognitive capacity, cognitive inflexi-
bility, difficulty with task-switching, and deficits in concentration,
attention, and memory (e.g., Lyubomirsky et al., 1999; Nolen-
Hoeksema, Wisco, & Lyubomirsky, 2008; Ray et al., 2005; Wat-
kins & Brown, 2002). This work supports recent studies showing
that cognitive restructuring might not work for cognitively vulner-
able individuals (e.g., Daches, Mor, & Hertel, 2015; Haeffel, 2010)
and may even have the potential to backfire (e.g., Baert et al.,
2010; Haeffel et al., 2012).

We contend that cognitive interventions should place greater
emphasis on mitigating the effects of cognitive vulnerability than
on trying to change the vulnerability itself. Instead of teaching
cognitively demanding skills aimed at changing a well-established
cognitive style, we hypothesize that the risk for depression can by
reduced by preventing the consolidation of negative cognitions
generated by these individuals. Research (Haeffel, 2011) shows
that cognitive interpretations about stress tend to change over time.
People’s initial cognitive reactions to life stress tends not to be a
strong predictor of enduring depressive reactions (Metalsky et al.,
1982, 1987; 1993). Rather, it is how these initial cognitive inter-
pretations change over time that confers risks for future depression
(Haeffel, 2011). For those with high levels of cognitive vulnera-
bility, the initial cognitive interpretation of stress becomes more
negative. However, for those with low levels of cognitive vulner-
ability the cognitive interpretations of stress become more adaptive
(less negative) over time. It is these cognitions that are generated

later in time (approximately three days later in the case of an acute
stressor) that are most predictive of enduring depressive symptoms
(Metalsky et al., 1982, 1987, 1993; Haeffel, 2011). The purpose of
the current research was to test a novel strategy for preventing
depression by stopping the cognitions of vulnerable individuals
from becoming more negative over time. Specifically, we theorize
that restricting sleep can prevent the consolidation and strength-
ening of negative cognitions for individuals with cognitive vulner-
ability, and thus, make them more resilient to depression.

Sleep is critically involved in cognitive processes, particularly
memory (e.g., Rasch & Born, 2013; Wagner et al., 2001). Sleep prior
to learning appears to be critical in forming new memory associations
(e.g., Walker, 2009). And, once the new information is encoded, sleep
is fundamental to the consolidation of that information in memory.
Supporting the role of sleep in memory, imaging studies demonstrate
that the same neural circuitry (e.g., amygdala, prefrontal cortex, hip-
pocampus) that is activated during memory tasks is reactivated during
subsequent sleep (e.g., Maquet, 2001; Peigneux et al., 2004). The
consolidation of memory during sleep appears to be exceptionally
strong for affective content. Indeed, recent studies suggest that sleep
preferentially benefits the consolidation of emotional information (see
Walker & van der Helm, 2009 for review). For example, seminal
work by Kensinger et al., (2007) and Payne et al., (2008) in humans,
has found that sleep strengthens memory for emotional objects in a
scene relative to the neutral background. The consolidation of emo-
tional memory seems most likely to occur during REM sleep (see
Wagner et al., 2001). For example, Payne et al., (2012) found that
memory for emotional objects was positively correlated with mea-
sures of REM sleep duration. Taken together, this work suggests that
sleep may play an important role in human affective processing via
the selective enhancement and consolidation of emotional information
off-line.

Research shows that sleep is more likely to strengthen the memory
of negative emotional information than positive or neutral information
(Deliens, Gilson, & Peigneux, 2014; Walker & van der Helm, 2009).
This means that the negative cognitions generated by cognitively
vulnerable individuals in response to stress should be strengthened
and consolidated each night during good sleep, placing these individ-
uals at heightened risk for depression. However, when such individ-
uals have restricted or disrupted sleep, the consolidation of their
negative cognitions should be weakened. We theorize that good sleep
is necessary for negative thinking patterns to create risk for depression
(see Figure 1). Without good sleep, negative cognitions about a
stressor weaken in memory, leading to fewer negative cognitions and
depressive symptoms. This means that it should be possible to prevent
depression in cognitively at-risk individuals by restricting their sleep
during times of stress.

At first blush, the idea of less sleep being beneficial appears
counter intuitive. Sleep is critical for healthy mental functioning
(Irwin, 2015; Peterson & Benca, 2006; Vgontzas et al., 2004) and
less sleep should not promote emotional well-being. Indeed, sleep
disturbance is associated with almost every form of psychopathol-
ogy (Benca et al., 1992). Given this strong connection, Harvey and
colleagues (2011) argue that sleep disturbance should be consid-
ered a transdiagnostic cause of mental illness. According to Har-
vey and colleagues, sleep impacts psychological and biological
systems that cut across current diagnostic categories. For example,
sleep disturbance is associated with emotion dysregulation, a de-
fining characteristic of most forms of psychopathology. Sleep
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problems increase negative mood and decrease positive emotional
responses (e.g., Dinges et al., 1997). Sleep and psychopathology
also seem to share a common set of neurobiological constructs.
Both sleep and mental illness are associated with amygdala acti-
vation as well as serotonergic and dopaminergic functioning (e.g.,
Harvey et al., 2011; Yoo, Gujar, Hu, Jolesz, & Walker, 2007; Yoo,
Hu, Gujar, Jolesz, & Walker, 2007). In summary, there is a strong
body of empirical evidence showing that sleep problems are asso-
ciated emotional dysfunction and multiple forms of mental illness,
including depression.

The link between sleep disruption and depression is undeniable.
However, recent research in the area of anxiety and fear provides
support for the plausibility of the current theory that less sleep can
actually reduce risk for future depressive symptoms. Scientists
such as Germain (2013), Poe (e.g., Poe et al., 2010) and others
(e.g., Harvey et al., 2011; Kumar & Jha, 2012; Kuriyama et al.,
2010; Pace-Schott, Germain, & Milad, 2013; Wagner et al., 2006)
have found that sleep can produce dual outcomes. Sleep is asso-
ciated with good outcomes such as the extinction of anxiety and
fear responses. However, recent work shows that sleep also can
promote the generalization of anxiety and fear responses. Thus,
sleep has the potential to be both fear reducing and fear inducing.
For example, Kuriyama and colleagues (2010) found that, in
humans, sleep was necessary for generalized and physiological
responses to negative stimuli 3 and 10 days after viewing them.
Menz and colleagues (2013) replicated and extended this work
using a Pavlovian fear condition task, and showed that fear con-
solidation was positively correlated with time spent in REM sleep.
Along these same lines, Graves and colleagues (2003) showed that
sleep deprivation 0 to 5 hours after training selectively impairs
consolidation of fear conditioning in nonhuman animals (see also
Kumar & Jha, 2012). In light of this work, some researchers
hypothesize that sleep deprivation may be an adaptive biological-
based coping mechanism for dealing with stress (e.g., Wagner et
al., 2006). Sleep deprivation is associated with the release of
corticotropin-releasing hormone, which inhibits the consolidation
of new memories. Research shows that cortisol administration

shortly after a traumatic event has a prophylactic effect for the
occurrence of anxiety and mood symptoms (Schelling et al., 2004).
These results support the idea that, that in some cases, less sleep
can lead to better affective outcomes (in this case, less fear and
anxiety). The present research will be the first to examine if the
prophylactic effects of sleep restriction on fear and anxiety trans-
late to the area of cognitive vulnerability and depression.

We theorize that less sleep can mitigate the depressogenic
effects of cognitive vulnerability. There is currently no direct
support for this new theory of depression, but there are a
number of findings in the depression literature that corroborate
its basic premise. For example, research shows that a majority
of patients totally deprived of a full night’s sleep experience a
rapid reduction in depressive symptoms (although symptoms
reemerge after sleeping again; Dallaspezia et al., 2015; Schulte,
1959). Sleep restriction has also been shown to trigger highly
euphoric states such as mania (e.g., Plante & Winkelman, 2008;
Wehr et al., 1987). Finally, sleep restriction has been shown to
reduce REM sleep (Banks & Dinges, 2007; Carskadon & De-
ment, 1981), which is associated with emotional memories.
Reduced REM is also considered a possible mechanism for the
efficacy of antidepressant medications (Sandor & Shapiro,
1994). These findings, taken together with basic research on
sleep and memory as well as work in the area of fear general-
ization, support the current theory. It is important to underscore
that less sleep should only be beneficial for those with high
levels of cognitive vulnerability because these are the individ-
uals most likely to generate negative cognitions during times of
stress. Less sleep after stress should lead to the weakening of
the negative cognitions generated by vulnerable individuals
whereas more sleep should selectively strengthen them and, in
turn, increase depressive symptoms.

Three studies were conducted to test the theory. Study 1 used
a prospective longitudinal design with two time points to pro-
vide a preliminary test of the theory. We predicted that that for
individuals with high, but not low levels of cognitive vulnera-
bility, poor quality sleep would lead to less depression than

Figure 1. Flowchart to illustrate the cognitive vulnerability and sleep theory of depression. The negative
cognitions generated by cognitively vulnerable individuals in response to stress are strengthened and consoli-
dated each night during good sleep, placing these individuals at heightened risk for depression. However, when
such individuals have poor sleep, the consolidation of their negative cognitions should be weakened, placing
them at low risk for depression.
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good quality sleep. The purpose of Study 2 was to replicate and
extend the findings of Study 1 by using an objective measure of
sleep (actigraphy) and by assessing sleep’s effect on event-
specific negative cognitions. Finally, in Study 3, an experimen-
tal design was used to determine the causal influence of sleep
on future depressive symptoms in those with high levels of
cognitive vulnerability.

Study 1

Method

Overview. According to the theory, individuals with high
levels of cognitive vulnerability are at greatest risk for future
depressive symptoms during times of stress if they also experience
good sleep quality. Put differently, individuals with high cognitive
vulnerability should not be at greater risk for depressive symptoms
than those with low levels of cognitive vulnerability under condi-
tions of poor sleep. This is because the negative cognitions gen-
erated by cognitively vulnerable individuals should be disrupted
by poor sleep, placing them at decreased risk for depressive
symptoms. The hypothesis was tested using a 4-week prospective
longitudinal design. Analyses tested the unique and interactive
effects of sleep, cognitive vulnerability, and stress on risk for
future depressive symptoms controlling for baseline levels of
depressive symptoms.

Participants. Participants were 134 unselected undergradu-
ates from a medium size private university in the midwest. The
ethnicity of the sample was 76% Caucasian, 10% Hispanic, 9%
Asian, 4% African American, and 1% Other. Participants were
recruited online and given extra credit points for their participa-
tion. A total of 132 (65 women, 67 men) participants (mean age �
19.07, standard deviation � 1.36) completed both the T1 and T2
assessments and thus were included in the analyses.

Power analysis. Based on prior research, we expected a small
effect size for the three-way interaction of cognitive vulnerability,
stress, and sleep. Three-way interaction effects tend to be small,
particularly when conducting conservative statistical tests that control
for initial levels of the dependent variable (in this case, depressive
symptoms). That said, McClelland and Judd (1993) argued that mod-
erator effects even explaining 1% of the variance of the outcome
should still be considered important (Hankin et al., 2004). The sample
size of 132 was used for the statistical power analyses (Zhang &
Yuan, 2015) and an 8 predictor variable equation was used as a
baseline. The recommended effect sizes used for this assessment
using multiple regression were as follows: small (R2 � .02), medium
(R2 � .13), and large (R2 � .26). The alpha level used for this analysis
was p � .05. The analysis revealed the statistical power for this study
was .89 for detecting a small effect. Thus, there was more than
adequate power (i.e., power � .80) at the small effect size level.

Measures.
Cognitive vulnerability. The Cognitive Style Questionnaire

(CSQ; Haeffel et al., 2008) was used to assess cognitive vulnera-
bility (as featured in the hopelessness theory of depression). The
CSQ is a self-report questionnaire that presents participants with
12 hypothetical negative events (6 achievement and 6 interper-
sonal). Participants imagine the events happening to themselves
and then make ratings on the three vulnerability dimensions fea-
tured in the hopelessness theory of depression—stability and glo-

bality, probable consequences of each event, and the self-worth
implications of each event. An individual’s CSQ score is their
average rating across these three dimensions (stability and global-
ity, consequences, and self-worth characteristics) for the 12 hypo-
thetical negative life events. This composite score can range from
1 to 7, with higher scores reflecting greater levels of cognitive
vulnerability to depression. The CSQ has good internal consis-
tency, reliability, and validity (see Haeffel et al., 2008 for review).
Coefficient alpha for the CSQ in the current study was .90.

Depressive symptoms. The Beck Depression Inventory (BDI;
Beck et al., 1979) was used to assess depressive symptoms. The
BDI is a 21 item self-report questionnaire. Scores are created by
summing the items (range 0–63) with higher scores indicating
greater levels of depressive symptoms. The BDI has demonstrated
strong reliability and validity (Beck et al., 1988). Coefficient alpha
for the BDI was .84 at Time 1 and .93 at Time 2.

Sleep. The Pittsburgh Sleep Quality Index (PSQI; Buysse et al.,
1989) is a widely used measure of sleep quality. The PSQI has 19
self-report items that assess sleep quality and disturbance during the
“past month.” The PSQI has demonstrated strong reliability and
validity in both normal and clinical samples (Backhaus et al., 2002;
Buysse et al., 1989). The subjective sleep quality score (component 1
on the PSQI; scores range from 1 to 4; 1 � very good, 2 � fairly
good, 3 � fairly bad, 4 � very bad) and sleep duration score
(component 3; self-reported hours slept each night) were used in this
study.

Stressful life events. The Acute Life Events Questionnaire
(ALEQ; Haeffel et al., 2007) was used to assess levels of life
stress. The ALEQ is a self-report questionnaire that presents par-
ticipants with 30 naturally occurring acute stressful life events.
Items assess a broad range of life events (spanning both achieve-
ment and interpersonal domains) important to college students. A
total score (0–30) is created is created by summing the items
participants endorsed as having occurred during the previous 2
weeks. Thus, higher scores indicate the occurrence of more neg-
ative events. The ALEQ has demonstrated strong reliability and
validity (Haeffel, 2010). Coefficient alpha for the ALEQ in the
current study was .79 at Time 1 and .90 at Time 2.

Procedure. The study consisted of two time points over a
four-week interval. The four-week time frame was chosen because
it has been used in a number of previous longitudinal studies
testing cognitive theories of depression (e.g., Haeffel et al., 2007;
Metalsky et al., 1993; Potthoff et al., 1995). At Time 1, partici-
pants were administered self-report measures of cognitive vulner-
ability (CSQ), sleep (PSQI), depressive symptoms (BDI), and life
stress (ALEQ). Four weeks later at Time 2 (T2) participants again
completed measures of depressive symptoms and life stress. If
participants did not answer at least 80% of the items on any of the
measures, then a score was not calculated for that individual.

Results

Means, standard deviations, and intercorrelations of the study mea-
sures are summarized in Table 1. Consistent with prior research using
undergraduates, CSQ and PSQI sleep quality scores were normally
distributed whereas BDI and ALEQ scores were positively skewed.
Average depressive symptom scores at baseline were in the minimal
range (average BDI scores �13). We hypothesized that individuals
with cognitive vulnerability would be at greater risk for increases in
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depressive symptoms after life stress if they experienced good, rather
than poor, sleep quality. Two hierarchical multiple regression equa-
tions were used to test these hypotheses (one equation with sleep
operationalized as self-reported quality and one equation with sleep
operationalized as self-reported number of hours). Continuous inde-
pendent variables were centered and individual variables within a
given set were not interpreted unless the set as a whole was signifi-
cant, thereby reducing Type I errors (Cohen et al., 2003). In all
analyses, the Time 1 depression measure (T1 BDI) was entered in the
first step of the regression equation to create a residual change score
for the same Time 2 measure (T2 BDI; dependent variable). Baseline
level of stress (T1 ALEQ) was also entered in the first step to control
for individual differences in baseline levels of stress. In the second
step, the main effects of cognitive vulnerability (CSQ), sleep (PSQI
Quality subscale or PSQI Hours subscale) and recent stressful life
events (T2 ALEQ) were entered. Next, the two-way interaction terms
were entered. And, finally, the three-way Vulnerability � Sleep �
Stress interaction term was entered (e.g., CSQ � PSQI Quality �
ALEQ).

Results of the first step of the regression analysis (see Table 2)
found that there were significant main effects of cognitive vulner-
ability, stress, and sleep (both self-reported quality and self-
reported hours). Participants with high levels of cognitive vulner-
ability, high levels of stress, and poor sleep, respectively,
experienced the greatest levels of depressive symptoms over the
prospective interval. There was also a significant two-way inter-
action between cognitive vulnerability and life stress. Replicating
prior research, individuals with a cognitive vulnerability were most
likely to experience increases in depressive symptoms when also
experiencing high levels of life stress. These results were qualified
by the hypothesized three-way interaction among cognitive vul-
nerability, life stress, and self-reported quality of sleep; the effect
size was in the small range (partial correlation � �.22; change in
R2 � .02). The three-way interaction was not significant when
sleep was operationalized as hours slept per night, b � .16, t �
1.80, p � .07, partial correlation � .16; change in R2 � .02.

To graphically depict the cognitive vulnerability-by-stress-by-sleep
quality interaction, Time 2 depressive symptoms scores were com-
puted by inserting specific values for the predictor variables (i.e., 1 SD
above and below the mean) into the regression equation (Cohen et al.,
2003). The pattern of the three-way interaction corroborated the
hypotheses. As can be seen in Figure 2, individuals with high levels
of cognitive vulnerability were most likely to experience increases in
depression when faced with stress if they also reported good sleep
quality. Tests of simple slopes showed that, depending on level of
stress, the gradient of the slope for those with high levels of cognitive
vulnerability and poor sleep quality was significantly different than
those with (a) high levels of cognitive vulnerability and good sleep
quality (t � �2.40, p � .02), (b) low levels of cognitive vulnerability
and poor sleep quality (t � 4.18, p � .001), and (c) low levels of
cognitive vulnerability and good sleep quality (t � 3.62, p � .001).
Although depressive symptom scores were in the minimal to mild
range, it is important to note that cognitively vulnerable individuals
reporting good sleep quality experienced twice the number of depres-
sive symptoms as any other vulnerability-sleep combination. To fur-
ther determine the pattern of the interaction, a Johnson-Neyman
regions of significance test was conducted. Results showed that the
point of transition on the perceived sleep quality scale (PSQI) between
a statistically significant and nonsignificant effect of the interaction
was 2.24 (84% below). This means that the effect of the cognitive
vulnerability by stress interaction on increasing depressive symptoms
was significant when participant rated their sleep quality as fairly
good or very good.

Discussion

As hypothesized, results showed that cognitively vulnerable indi-
viduals were at increased risk for future depressive symptoms during
times of stress if they also reported good sleep quality. Put another
way, individuals with high levels of cognitive vulnerability were no
longer at greater risk for depression than individuals with low levels
of cognitive vulnerability during times of stress if they reported poor

Table 1
Study 1: Means, Standard Deviations, and Correlations

Variable 1 2 3 4 5 6 7

1. CSQ —
2. PSQI_QUALITY .07 —
3. PSQI_HOURS �.10 �.35 —
4. ALEQ T1 .05 .21 .05 —
5. BDI T1 .30 .35 �.28 .27 —
6. ALEQ T2 .14 .17 .05 .57 .21 —
7. BDI T2 .32 .16 �.06 .49 .63 .53 —

Mean 3.92 2.04 6.52 2.24 5.86 1.02 3.67
SD .93 .65 1.04 2.81 4.95 2.74 6.10

Note. N � 132. CSQ � Cognitive Style Questionnaire; PSQI_QUALITY �
Pittsburgh Sleep Quality Index self-reported sleep quality; PSQI_HOURS �
Pittsburgh Sleep Quality Index self-reported average hours actually slept;
ALEQ T1 � Acute Life Events Questionnaire at Time 1; BDI T1 � Beck
Depression Inventory at Time 1; ALEQ T2 � Acute Life Events Question-
naire at Time 2; BDI T2 � Beck Depression Inventory at Time 2. Higher
scores on the CSQ, PSQI_HOURS, ALEQ, and BDI indicate greater levels of
the construct being measured. In contrast, higher scores on the PSQI_QUALITY
indicate lower levels of the construct being measured (i.e., worse sleep
quality). Correlations in bold are significant at the .05 level.

Table 2
Study 1: Cognitive Vulnerability � Stress � Sleep Quality
Interaction Predicting Prospective Levels of
Depressive Symptoms

Predictor b SE pr t R2 Change

Step 1 .51�

BDI T1 .66 .08 .59 8.41�

ALEQ T1 .73 .14 .42 5.32�

Step 2 .10�

CSQ .77 .39 .17 1.99�

PSQI_Quality �1.26 .58 �.19 4.59�

ALEQ T2 .70 .15 .38 �2.18�

Step 3 .05�

CSQ � PSQI_Quality �.28 .48 �.05 �.59
CSQ � ALEQ T2 .44 .15 .26 2.99�

PSQI_Quality � ALEQ T2 �.16 .33 �.04 �.48
Step 4 .02�

CSQ � PSQI � ALEQ T2 �.94 .39 �.22 �2.44�

Model R2 � .68, F(9, 123) � 28.38, p � .001

Note. BDI � Beck Depression Inventory; ALEQ � Acute Life Events
Questionnaire. CSQ � Cognitive Style Questionnaire; PSQI_Quality �
Pittsburgh Sleep Quality Index self-reported sleep quality.
� p � .05.
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sleep quality. The findings were specific to self-reported quality of
sleep rather than self-reported hours of sleep (p value � .07). These
findings provide preliminary support for the theory that poor sleep can
mitigate the depressogenic effects of cognitive vulnerability.

Study 2

Method

Overview. The purpose of Study 2 was to replicate and extend
the results from Study 1 by using an objective measure of sleep.
The self-report measure of sleep used in Study 1 (PSQI) required
participants to retrospectively make a subjective judgment about
their recent sleep, which can be influenced by memory biases
(Nisbett & Wilson, 1977). It is also possible that participants’
levels of cognitive vulnerability might have influenced their self-
reported ratings of sleep quality. Thus, it is necessary to determine
whether the positive findings of Study 1 hold when the possible
confounding of sleep and vulnerability is eliminated. In Study 2,
actigraphy was used to measure sleep. Actigraphs are devices,
usually placed on the wrist, that measure body motion. The body
motion is then translated into sleep data. Research shows that
actigraphs are a highly reliable method of assessing sleep and
wake patterns (Ancoli-Israel et al., 2003). Further, actigraphy
allows the assessment of sleep in participants’ natural environ-
ment, which likely allows them to most closely follow their normal
sleep schedules.

Study 2 used a 2-week prospective design. Participants wore an
actigraph for the first week of the study to create a baseline
assessment of objective sleep. During the second week of the
study, participants completed daily measures of depressive symp-
toms and event-specific cognitions. Sleep was assessed the week
prior to event-specific cognitions and depressive symptoms (rather
than concurrently) to ensure temporal precedence and to avoid
disrupting participants’ natural sleep habits. If participants were
asked to concurrently make ratings about stress, event-specific
cognitions and mood, it might have altered their natural sleep
habits (e.g., increase awareness of stress, exacerbate ruminative
tendencies, etc.). Analyses tested the unique and interactive effects

of objectively measured sleep and cognitive vulnerability on future
depressive symptoms and negative cognitions about daily stress
controlling for baseline levels of depressive symptoms. We hy-
pothesized that individuals with high levels of cognitive vulnera-
bility would be at greatest risk for future depressive symptoms if
they experienced longer (rather than shorter) durations of sleep.

Participants. Participants were 47 (19 males, 26 females)
unselected undergraduates (M age � 20.87) from a medium size
private university in the midwest. The ethnicity of the sample was
64% Caucasian, 13% Hispanic, 13% Asian, 9% African American,
and 1% Other. Participants were recruited through an online
sign-up procedure and were given extra credit points for their
participation.

Power analysis. Based on prior research examining modera-
tors of cognitive vulnerability (Doom et al., 2013; Haeffel &
Hames, 2014), we expected a medium effect size for the two-way
interaction of cognitive vulnerability and sleep. A larger effect size
was expected in Study 2 than was expected in Study 1 because
two-way interactions typically have larger effect sizes than three-
way interactions. Further, a more objective measure of sleep was
used in Study 2. A review by Uher and McGuffin (2010) found
that objective measures of environmental factors tend to yield
more consistent and robust relations with future depressive symp-
toms than do more subjective measures of the same factors. The
sample size of 47 was used for the statistical power analyses
(Zhang & Yuan, 2015) and a 4 predictor variable equation was
used as a baseline. The recommended effect sizes used for this
assessment of multiple regression were as follows: small (R2 �
.02), medium (R2 � .13), and large (R2 � .26). The alpha level
used for this analysis was p � .05. The analysis revealed the
statistical power for detecting a small effect was .52 whereas the
power was .92 for detecting a medium effect. Thus, there was more
than adequate power (i.e., power � .80) for the expected medium
effect size level, but less than adequate for a small effect size.

Measures.
Cognitive vulnerability. The Cognitive Style Questionnaire

(CSQ; Haeffel et al., 2008) was used to assess cognitive vulnera-

Figure 2. Study 1: Level of depressive symptoms at Time 2 as a function of cognitive vulnerability,
self-reported sleep quality, and stress. Time 2 depressive symptoms scores were computed by inserting specific
values for the predictor variables (i.e., 1 SD above and below the mean) into the regression equation. BDI �
Beck Depression Inventory.
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bility (as featured in the hopelessness theory of depression). Co-
efficient alpha for the CSQ at baseline in the current study was .93.

Event-specific negative cognitions. Daily event-specific cog-
nitions were measured using the Particular Inference Question-
naire (PIQ; Haeffel, 2011; Metalsky, Halberstadt, & Abramson,
1987). The PIQ is a four-item questionnaire that assesses partici-
pants’ inferences for daily life stress. The PIQ uses the same exact
format as the CSQ to asses participants’ inferences about the
cause, consequences and self-worth implications of the most
stressful event reported for that day. Participants are instructed to
“Think about their most stressful event experienced that day” and
then write down the one major cause of the stressor. Then, they
make ratings on dimensions of stability and globality, the probable
consequences of each event, and the self-worth implications of
each event. An individual’s PIQ score is their average rating across
the four dimensions (stability, globality, consequences, and self-
worth characteristics). Scores can range from 1 to 7, with higher
scores reflecting a greater degree of event-specific negative infer-
ences. The PIQ was administered via a daily diary during the 2nd
week of the study. Daily PIQ scores were averaged to create a
composite score for the prospective interval; coefficient � � .83.

Depressive symptoms. The Beck Depression Inventory (BDI;
Beck et al., 1979) was used to assess depressive symptoms. Co-
efficient alpha for the BDI at baseline in the current study was .84.

Prospective levels of depressive symptoms were assessed via
daily diary. Participants rated their level of depressive symptoms
each day during the 1-week prospective interval. Specifically,
participants rated, on a 1–5 Likert scale, how much they experi-
enced each of the nine depressive symptoms that compose depres-
sive disorder as defined by DSM. Example items included “prob-
lems concentrating,” “felt slowed down,” and so forth.
Participants’ responses were summed each day, and then averaged
for the 7-day prospective interval. Participants’ scores could range
from 9 to 45. Coefficient alpha for the 7-day aggregate depression
score was .83.

Sleep. Actigraphy was used as an objective measure of
sleep. The actigraph was a small wristband that participants put
on before entering their bed. Actigraphs measure body motion,
which is then translated by computer software into sleep data.
Research shows that actigraphs are a highly reliable method of
assessing sleep and wake patterns (Ancoli-Israel et al., 2003).
Further, actigraphy allows the assessment of sleep in partici-
pants’ natural environment, which likely allows them to most
closely follow their normal sleep schedules. Thus, actigraphy is
likely more valid than Polysomnography for assessing typical
sleep. Sleep duration (minutes slept) was evaluated each night
for one week. An aggregate score was then used create a
reliable measure of a participant’s average number of minutes
slept per night; coefficient � � .73.

Procedure. The study consisted of two 1-week phases. The
baseline assessment occurred during the first week. After reading
the informed consent form and agreeing to participate, participants
were administered self-report measures of cognitive vulnerability
(CSQ) and depressive symptoms (BDI). They were then fitted with
an actigraph and given instructions to wear it nightly for the next
seven nights. After returning the actigraph, participants completed
a daily diary for the next seven days to assess prospective daily
depressive symptoms and event-specific negative cognitions
(PIQ). If participants did not answer at least 80% of the items on

any of the measures, then a score was not calculated for that
individual.

Results

Means, standard deviations, and intercorrelations of the study
measures are summarized in Table 3. Consistent with prior re-
search using undergraduates, the distribution of CSQ, PIQ, and
objectively measured sleep scores were normally distributed
whereas depressive symptoms scores were positively skewed. De-
pressive symptoms at both time points were in the minimal range
(average BDI scores �13). We hypothesized that individuals with
cognitive vulnerability would be at greater risk for increases in
depressive symptoms and more negative event-specific inferences
if they experienced longer, rather than shorter, sleep durations.
Two hierarchical multiple regression equations were used to test
these hypotheses (with depressive symptoms and event-specific
negative cognitions as the dependent variables, respectively). Con-
tinuous independent variables were centered and individual vari-
ables within a given set were not interpreted unless the set as a
whole was significant, thereby reducing Type I errors (Cohen et
al., 2003). In all analyses, the dependent variable was Time 2
depressive symptom scores (T2 BDI). The Time 1 depressive
symptom measure (T1 BDI) was entered in the first step of the
regression equation to control for individual differences in initial
levels of depression. In the second step, the main effects of
cognitive vulnerability (CSQ) and sleep (average minutes slept per
night as determined by actigraphy) were entered. Next, the two-
way interaction between cognitive vulnerability and sleep was
entered.

Results of the first regression equation (see Table 4) predicting
future depressive symptoms found that (in the first step of the
regression equation) there was a significant main effect of baseline
depression, but not cognitive vulnerability or objective sleep.
Consistent with hypotheses, the interaction of cognitive vulnera-
bility and objectively measured sleep was a significant predictor of
future depressive symptoms, when controlling for baseline depres-
sion (medium to large effect size; partial correlation � .41). To
graphically depict the cognitive vulnerability-by-minutes slept in-

Table 3
Study 2: Means, Standard Deviations, and Correlations

Variable 1 2 3 4 5

1. CSQ —
2. BDI .39 —
3. SLEEP MINUTES .09 �.05 —
4. COGNITIONS T2 .48 .49 .10 —
5. DEP SYMPTOMS T2 .28 .61 .14 .52 —

Mean 4.12 9.02 386.73 3.77 12.67
SD .79 6.45 49.12 1.08 3.74

Note. N � 45. CSQ � Cognitive Style Questionnaire; BDI � Beck
Depression Inventory; SLEEP MINUTES � Average minutes slept per
night at baseline (assessed via actigraphy); COGNITIONS T2 � Average
event-specific negative inference score during prospective interval; DEP
SYMPTOMS T2 � Average depressive symptoms score during prospec-
tive interval. Higher scores on the CSQ, BDI, SLEEP MINUTES,
COGNITIONS, and DEPRESSIVE SYMPTOMS indicate greater levels of
the construct being measured. Correlations in bold are significant at the .05
level.
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teraction, depressive symptoms scores were computed by inserting
specific values for the predictor variable (i.e., 1 SD above and
below the mean) into the regression equation (Cohen et al., 2003).
A simple slope analysis showed that the gradient of the simple
slope for those with “low” and “high” durations of sleep was
significantly different depending level of cognitive vulnerability,
t � 2.40, p � .02. As predicted, participants with high levels of
cognitive vulnerability and greater duration of sleep, experienced
the greatest levels of depressive symptoms over the prospective
interval (see Figure 3). Depression scores for these participants
were in the mild range (BDI scores 14–19). To further define the
pattern of the interaction a Johnson-Neyman regions of signifi-
cance test was conducted. Results showed that there were two
points of transition for number of minutes sleeping (438 min and
328 min). Participants with higher levels of cognitive vulnerability
reported greater levels of depressive symptoms than those with
lower levels of cognitive vulnerability when sleeping more than
about 7 [1/2] hours. Those with higher levels of cognitive vulner-
ability reported lower levels of depressive symptoms than those
with lower levels of cognitive vulnerability when sleeping less
than about 5 [1/2] hours.

Results of the second regression equation predicting future
event-specific negative cognitions found that there was a signifi-
cant main effect of baseline depression (p � .02) and cognitive
vulnerability (p � .04), but not objective sleep (p � .53). The
interaction of cognitive vulnerability and objectively measured
sleep did not predict future event-specific cognitions, when con-
trolling for baseline depression, b � .01, t � 1.85, p � .07, partial
correlation � .30; change in R2 � .06. Although not statistically
significant, the pattern of results conformed to hypotheses. Partic-
ipants with high levels of cognitive vulnerability and longer aver-
age sleep durations reported the most negative event-specific in-
ferences during the prospective interval.

Discussion

The purpose of Study 2 was to replicate and extend the results
from Study 1 by using an objective measure of sleep. Results
corroborated those of Study 1 showing that individuals with high,
but not low, levels of cognitive vulnerability were most likely to
exhibit increases in depressive symptoms when they slept more

minutes rather than less minutes. These results provide further
support for the hypothesis that good sleep is necessary for cogni-
tive vulnerability to exert its depressogenic effects. When sleeping
less, individuals with high cognitive vulnerability were not more
likely to experience depressive symptoms than those with low
levels of cognitive vulnerability. We hypothesize that less sleep
prevents the strengthening of negative cognitions about stress.
However, this hypothesis was not supported. The interaction of
cognitive vulnerability and objectively measured sleep was not a
significant predictor of negative cognitions (p � .07). That said,
the pattern of the interaction conformed to hypotheses; those with
high levels of cognitive vulnerability and shorter sleep durations
reported the lowest level of negative event-specific inferences
during the prospective interval.

Study 3

Method

Overview. The results of both Study 1 and Study 2 corrobo-
rated the theory that sleep plays a critical role in whether or not
cognitive vulnerability creates risk for depression. Those with high
levels of cognitive vulnerability were at no greater risk for in-
creases in depressive symptoms than those with low vulnerability
when sleeping less. However, a limitation of these studies is that
they used correlational designs. The two studies establish temporal
precedence for the interaction of cognitive vulnerability and sleep
predicting depression, but they do not establish causal evidence.
The purpose of Study 3 was to use an experimental design to test
the causal influence of sleep on future depression in those with
high levels of cognitive vulnerability.

Participants. Participants were 40 undergraduates (32
women, 8 men; mean age � 19.1, standard deviation � .93) from
a medium size private university who were chosen because they
reported high levels of cognitive vulnerability (i.e., scored greater
than the 70th percentile on the CSQ). The ethnicity of the sample
was 68% Caucasian, 12% Hispanic, 12% Asian, and 8% African
American. Participants were recruited through an online sign-up
procedure and were given extra credit points for their participation.

Table 4
Study 2: Cognitive Vulnerability � Objectively Measured Sleep
Duration Interaction Predicting Prospective Level of
Depressive Symptoms

Predictor b SE pr t R2 Change

Step 1 .36�

BDI at Baseline .35 .08 .60 4.66�

Step 2 .02
CSQ .05 .69 .01 .08
Sleep Minutes .01 .01 .19 1.18

Step 3 .10�

CSQ � Sleep Minutes .04 .02 .41 2.67�

Model R2 � .48, F(4, 36) � 8.44, p � .001

Note. BDI � Beck Depression Inventory; CSQ � Cognitive Style Ques-
tionnaire; Sleep Minutes � Average minutes slept per night at baseline
assessed via actigraphy.
� p � .05.

Figure 3. Study 2: Level of depressive symptoms during prospective
interval as a function of cognitive vulnerability and objectively measured
sleep. Depressive symptoms scores were computed by inserting specific
values for the predictor variable (i.e., 1 SD above and below the mean) into
the regression equation.
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Power analysis. Based on prior research examining the effect of
sleep restriction on psychological and cognitive outcomes (e.g., Payne
et al., 2008; van Heugten–van der Kloet, Giesbrecht, & Merckelbach,
2015), we expected a large effect size for the main effect of sleep
condition. Also, if sleep restriction is to have promise as potential
intervention for preventing depression, a large effect size would be
needed for the intervention to be clinically relevant. The sample size
of 40 was used for the statistical power analyses (Zhang & Yuan,
2015) for a one-way ANOVA with two groups. The recommended
effect sizes used for this assessment of multiple regression were as
follows: small (�p

2 � .01), medium (�p
2 � .06), and large (�p

2 � .14).
The alpha level used for this analysis was p � .05. The analysis
revealed the statistical power for detecting a small to medium effect
was .46 whereas the power exceeded .99 for detecting a large effect.
Thus, there was more than adequate power (i.e., power � .80) for the
expected large effect size level, but less than adequate for a small to
medium effect size.

Measures.
Cognitive vulnerability. The Cognitive Style Questionnaire

(CSQ; Haeffel et al., 2008) was used to screen participants for high
levels of cognitive vulnerability. Coefficient alpha for the CSQ in
the current study was .82.

Depressive symptoms. The Beck Depression Inventory (BDI;
Beck et al., 1979) was used to assess depressive symptoms. The
BDI has demonstrated strong reliability and validity (Beck et al.,
1988). Coefficient alpha for the BDI in the current study was .84
at baseline and .82 postintervention.

Procedure. The study had two phases - screening and inter-
vention. First, the CSQ was used to screen 574 extracredit volun-
teer participants for high levels of cognitive vulnerability; 172
participants scored above the 70th percentile on the CSQ. These
cognitively vulnerable participants were contacted via email (in
order of most vulnerable to least vulnerable) and invited to par-
ticipate in the intervention portion of the study. Participants with
high levels of cognitive vulnerability were used because according
to the theory (and prior research) these individuals are at especially
heightened risk for increases in future depressive symptoms, and
most likely to benefit from a sleep restriction intervention.

Participants who agreed to participate in the intervention portion
of the study completed the BDI and then were randomly assigned
to one of two intervention conditions: sleep restriction (n � 20) or
active control (n � 20). Both intervention conditions lasted two
weeks, and all participants were given a 14-day instructional
booklet. Each day, participants were instructed to record their
sleep times from the prior night and rate their current level of stress
on a 0 (no stress) to 10 (high stress) scale. If daily stress was rated
a 7 or higher, participants were then instructed to perform one of
two intervention tasks. Participants randomly assigned to the sleep
restriction condition were instructed to restrict their sleep by one
hour (i.e., go to bed one hour later and get up at the same time) on
days of high stress. The 1-hr sleep restriction time frame was used
because we wanted a time frame that would have a low probability
of chronically sleep depriving our participants. Moreover, the
results of Study 2 indicated that 1-hr time frame fell within the
region of significance for the desired effect. Participants randomly
assigned to the active control condition were instructed to restrict
eating their favorite snack that night. Snack restriction was chosen
as the active control condition because it required participants to
perform a restriction activity during times of stress (like the

sleep-restriction intervention), but would also not affect future
depressive symptoms. Participants followed the instructions for
two weeks. Participants then returned to the laboratory to complete
the BDI again. Randomization appears to have been successful as
participants in the sleep restriction and active control conditions
did not differ significantly on any of the baseline variables (CSQ,
p � .88; BDI, p � .63). There was also no difference between
conditions (p � .62) in the number of days in which participants
rated their daily stress as a seven or greater Sleep restriction M �
3.6 days, SD � 2.72; Snack restriction M � 3.2 days, SD � 2.28).
Examination of participants’ self-reported sleep duration indicated
that the manipulation was successful. Participants in the sleep
restriction condition reported an average of 6 hours of sleep during
restriction nights (i.e., when stress was rated as a seven or greater)
whereas they reported an average of 7 [1/2] hours sleep during
nights in which restriction was not required. Participants in the
active control condition reported an average of 7 hours 20 min of
sleep when stress was rated a seven or greater and an average of 7
[1/2] hours sleep during times of low stress. If participants did not
answer at least 80% of the items on any of the measures, then a
score was not calculated for that individual.

Results

Means, standard deviations, and intercorrelations of study measures
are summarized in Table 5. The average BDI score at baseline (6.3)
is considered in the minimal range. Analyses were designed to test the
hypothesis that restricting sleep during times of stress would reduce
risk for future depression in those with high levels of cognitive
vulnerability. Specifically, it was predicted that participants in the
sleep restriction condition would exhibit fewer depressive symptoms
postintervention than those in the active control condition (i.e., snack
restriction). The hypothesis was tested using analysis of covariance
(ANCOVA) with condition (sleep restriction vs. active control) as the
independent variable and BDI score postintervention as the dependent
variable. BDI score at baseline was included as a covariate to control
for any individual differences in initial levels of depressive symptoms.
As predicted (see Figure 4), results showed a significant main effect
of condition, F(1, 35) � 4.73, p � .037, �p

2 � .12. Participants in the
sleep restriction (M � 6.30; SE � .64) reported significantly fewer
depressive symptoms postintervention than participants in the active
control condition (M � 8.28; SE � .64) controlling for baseline levels
of depressive symptoms. Level of depression symptoms for partici-

Table 5
Study 3: Means, Standard Deviations, and Range of Baseline
Measures as a Function of Condition

Measure

Restriction Control

M SD Range M SD Range

1. CSQ 4.57 .38 4.72–5.21 4.59 .32 4.77–5.25
2. BDI 6.05 4.96 0–17 5.95 4.14 1–16
3. STRESSORS 3.20 2.28 0–9 3.60 2.22 0–10

Note. N � 40. CSQ � Cognitive Style Questionnaire; BDI � Beck
Depression Inventory; STRESSORS � Number of days on which stress
was rated at least a 7 on scale of 10 (i.e., perceived high stress). There were
no significant differences between conditions on levels of any of the
measures. Higher scores on the CSQ, BDI, and STRESSORS indicate
greater levels of the construct being measured.
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pants in both conditions were in the minimal range. The difference in
BDI scores between groups is considered in the large range.

Discussion

Study 3 extended the results of Studies 1 and 2 by providing
causal evidence for the role of sleep in conferring risk for future
depression in those with high levels of cognitive vulnerability.
Results showed that restricting sleep during times of high per-
ceived stress had a large effect on reducing risk for future depres-
sive symptoms compared with an active control condition in which
sleep was not manipulated.

General Discussion

The purpose of the current research was to test a novel theory
of depression that integrates work on cognitive vulnerability
and sleep. The theory is both specific and falsifiable. Specifi-
cally, we theorize that good sleep is necessary for cognitive
vulnerability to create risk for depression. Without good sleep,
negative cognitions and emotions about a stressor weaken in
memory, leading to fewer depressive symptoms. The results of
the current research provide preliminary support for the theory.
Studies 1 and 2 showed that sleep moderates the depressogenic
effect of cognitive vulnerability. For individuals with high, but
not low, levels of cognitive vulnerability, poor sleep reduced
their risk for future depressive symptoms during times of stress.
This finding held for self-reported sleep quality and objectively
obtained sleep duration.

Study 3 provided the first causal evidence that sleep mitigates
the depressogenic effects of cognitive vulnerability. Cognitively
vulnerable participants randomly assigned to a sleep restriction
condition reported significantly fewer depressive symptoms
postintervention than participants randomly assigned to an active
control condition. These results provide proof of principle that it
may be possible to prevent future depressive symptoms in cogni-

tively at-risk individuals by restricting their sleep during times of
stress. Using this strategy, the sleep-restriction intervention would
resemble a “take as needed” medication.

The current findings also have relevance for understanding
prior work examining the effects of total sleep deprivation
(typically 36 hours without sleep) on depression (Schulte,
1959). This work shows that a majority of patients deprived of
sleep (typically 36 hours without sleep) experience a rapid
reduction in depressive symptoms. However, total sleep depri-
vation can also trigger seizures in some individuals and the
effects are short-lived. Upwards of 95% of responders relapse
once normal sleep resumes (Dallaspezia et al., 2015). More-
over, despite the sleep deprivation phenomenon being docu-
mented since the late 1950s, the mechanism of action is still not
understood. Researchers hypothesize that it could be attribut-
able to effects on neurotransmitter systems or changes in sleep/
wake biological clock. In contrast, we theorize that the positive
effects of total sleep deprivation may be due to the disruption of
memory processes associated with negative content. The cur-
rent theory can also explain why responders relapse when
normal sleep returns; this is because the negative emotional
memories and cognitions would start being strengthened and
consolidated once again (Wagner et al., 2006).

Along these same lines, the current results can also help
explain the seemingly contradictory finding that sleep not only
causes fear extinction, but also fear generalization (Pace-Schott,
Germain, & Milad, 2015). According to the current theory and
findings, “cognitive content” determines whether sleep will be
harmful or beneficial. If an individual is prone to negative
thinking patterns or has an attentional bias toward fearful stim-
uli fearful, then sleep will likely strengthen and generalize
newly learned fearful associations. In contrast, if an individual
has positive thinking patterns and an attentional bias away from
fearful stimuli, then sleep will likely facilitate extinction of a
newly learned fearful association. In other words, individual
differences in sleep-memory outcomes are due to content dif-
ferences rather than process differences.

We suggest two important directions for future research to
further advance our understanding of sleep’s influence on cogni-
tive vulnerability and, in turn, risk for depression. One priority is
to determine the mechanism by which sleep reduces risk for
depression in cognitively vulnerable individuals. According to the
theory, sleep restriction works because it prevents the strengthen-
ing and consolidation of negative event-specific cognitions. How-
ever, the results of Study 2 did not support this theorized mecha-
nism of action. The results of this study showed that poor sleep did
not significantly reduce levels of event-specific negative cogni-
tions in those with high levels of vulnerability. Thus, it is impor-
tant to consider alternative explanations for why sleep restriction
had a prophylactic effect on depressive symptoms. One possibility
is that sleep restriction caused decreases in REM sleep (Banks &
Dinges, 2007). Research shows that individuals with depression
and even those with subclinical levels of depression have greater
amounts of REM sleep than nondepressed individuals (see review
by Tsuno, Besset, & Ritchie, 2005). And, reductions in REM sleep
is associated with improvements in depression. Almost all antide-
pressant medications suppress REM sleep, which some researchers
consider to be a critical therapeutic feature of these drugs (Sandor
& Shapiro, 1994). Thus, sleep restriction might have had an

Figure 4. Study 3: Change in depressive symptoms pre to post as a
function of condition. Positive symptom change scores indicate a decrease
in depressive symptoms whereas negative scores indicate an increase.
BDI � Beck Depression Inventory.
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antidepressant-like effect because it reduced duration of REM
sleep (Gillin et al., 2001). A second explanation for the efficacy of
sleep restriction is that it might have reduced problematic sleep
patterns. Sleep restriction is a component of cognitive–behavioral
therapy for insomnia (CBT-I). CBT-I reduces time in bed based on
an individual’s sleep efficiency. Sleep restriction, as used in
CBT-I, leads to improvements in a variety of sleep parameters
including sleep efficiency and sleep latency (Spielman, Saskin, &
Thorpy, 1987). Thus, it is possible that sleep restriction worked in
our study because it improved sleep for participants. A third
explanation for the efficacy of sleep restriction is that it caused
participants to be more tired, which shortened sleep onset latency,
and, in turn, left less time for participants to ruminate about stress.
Fourth, it is possible that participants used the extra hour afforded
by sleep restriction to socialize or do an enjoyable activity, which
might increase mood. It is also possible that participants used the
extra hour to study more for their classes, which could have
reduced academic stress. A fifth alternative explanation is that
sleep restriction reduced the consolidation of emotional memories,
and thus, reduced the negative affect that accompanies these mem-
ories (Wagner et al., 2006). Finally, a recent study by Fischer,
Diekelmann, & Born (2011) found that sleep, particularly REM
sleep, made it difficult for people to suppress unwanted memo-
ries. Thus, it is possible that sleep restriction enhanced partic-
ipants’ ability to suppress negative memories associated with
stress, which decreased depressive symptoms. All of these
alternative explanations are speculation, but may be important
avenues to pursue in future research to identify the mechanism
by which sleep restriction mitigates the depressogenic effects of
cognitive vulnerability.

A second priority is to determine the optimal timing, frequency,
and duration of sleep restriction. In Study 3, we chose to restrict initial
sleep (by delaying bedtime) because prior work on memory and sleep
in humans and animals has typically found their effects when restrict-
ing sleep immediately after learning. However, it is unknown whether
sleep restriction during other times of the night might be useful.
Diekelmann, Wilhelm, and Born (2009) concluded that the consoli-
dating effects of sleep depend on the type of memory information and
the specific phase of sleep. REM sleep appears to play a large role in
consolidating emotional memories whereas slow wave sleep is most
likely to influence declarative memories. In light of this work, it might
be possible to create a highly targeted sleep restriction intervention
that only needs to disrupt sleep for a very short period of time during
a specific phase of sleep during the night.

Similarly, it will be necessary to determine how often participants
should engage in sleep-restriction. According to the theory, those at
cognitive risk for depression should only have to restrict their sleep
during times of high stress (because this is when the generation of
negative cognitions is most likely to occur). In the current study,
participants restricted their sleep an average of 3 days over a 2-week
time interval. However, the possibility of chronic stress is a concern.
Research suggests that continued sleep restriction would not be ben-
eficial because chronic sleep deprivation is linked to severe cognitive
and emotional deficits (Brown, 2012; Killgore, 2010). It will be
important to understand how frequently sleep restriction can be used
before becoming iatrogenic.

It will also be critical to determine the proper duration of sleep
restriction. Participants were instructed to restrict their sleep for
only one hour because did not want to create a situation in which

participants are chronically sleep deprived. However, it is possible
that longer durations of sleep restriction may produce even stron-
ger results. Studies that manipulate duration of sleep restriction
will be important for identifying the tipping point at which pro-
phylactic effects start to dissipate. It will also be important to
understand how stress naturally affects sleep duration. The current
research used measures of sleep (PSQI ratings and objectively
measured sleep) that captured how people typically sleep, which
includes times of life stress. In essence, participants provide a
“sleep sample,” which was thought to reveal their general sleep
pattern. The next step in testing the current theory is to start
conducting more finely grained analyses of the interplay between
stress and sleep (e.g., use momentary assessment or a conduct a
sleep study in a laboratory). This will help identify individual
differences in reactions to life stress, mechanisms of action, as well
as the time frame for how long these variables impact one another.
For example, individual differences in how people sleep immedi-
ately following stress might predict fluctuations in depressive
symptoms. Similarly, repeated stress might change natural sleep-
ing habits over time, which might increase risk for depression
depending on one’s cognitive vulnerability level.

The current research had both strengths and limitations. A
significant strength of the present work is the use of three inde-
pendent studies to test the theory. The studies used different
designs as well as different sleep measures. The first two studies
used prospective longitudinal designs to establish temporal prece-
dence for the interaction of sleep and cognitive vulnerability
predicting future depressive symptoms. Moreover, the theory was
corroborated using both a self-report and objective measure of
sleep. Study 3 provided the most rigorous test of our theory by
using an experimental design. By using an experiment it was
possible to make causal conclusions about the role of sleep in
reducing depressive symptoms in cognitively high-risk individu-
als. According to Lykken (1968), this type of constructive repli-
cation (testing the original hypothesis with different methodology
rather than the same procedures) places a theory at high risk of
refutation. That said, direct replication is also necessary, and look
forward to learning the results of both direct and constructive
replication tests of the theory. An additional strength of the exper-
iment was the use of an active control condition. This allows us to
rule out the possibility that sleep restriction worked because people
simply were instructed to behave differently than normally.

The current study also had limitations. First, it would be unwar-
ranted to make conclusions about clinically significant depression
because the current studies only assessed depressive symptoms,
which tended to be low in severity. Also, the extent to which the
theory and findings would apply to individuals with clinically signif-
icant levels of depressive symptoms is unknown. Cognitive theories
of depression such as the hopelessness theory (Abramson, Metalsky,
& Alloy, 1989; Nolen-Hoeksema & Morrow, 1991) and response
styles theory are models of etiology. They help explain individual
differences in depressive reactions to life stress. The current theory is
based on these models, and thus the theory might apply best to the
prevention rather than treatment of depression. It is unclear whether
the theory will hold given the changes in sleep and stress reactivity
that those with full blown depressive disorders experience. It is also
important to recognize that depression is a heterogeneous disorder
with multiple causes; the theory and sleep restriction intervention may
only apply to possible cognitive subtypes of depression. Second, the
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studies examined undergraduates from a private university. Under-
graduates are appropriate for testing prevention interventions because
they are at the peak age for developing depression (Hankin et al.,
1998) and are likely to experience sufficient levels of stress. However,
future work is needed to determine whether the results hold in com-
munity or clinical samples. Indeed, the sleep patterns of college
students tend to be different than general community samples (college
students sleep less on average; Lund et al., 2010). However, even
among community samples, 1 in 3 adults report getting less than 6
hours of sleep per night. A 2005 Gallup poll in the United States
found that the average self-reported sleep duration for a general adult
sample was 6.8 hours on weekdays. We suspect that the findings will
hold because the results of studies using college samples often do
generalize to community samples, particularly when basic processes
(e.g., cognition, memory) are being studied (e.g., Anderson et al.,
1999). However, future studies are needed in this area. Third, these
three studies are the first to test the newly proposed theory of depres-
sion. Although the studies provide “proof of principle,” replication is
needed before definitive conclusions can be made about the efficacy
of sleep restriction in preventing depression. Given the specific hy-
potheses, results of recent research on sleep and memory in the area
of anxiety, and the consistency in the direction and size of the results,
the most parsimonious explanation is that the sleep intervention
worked as hypothesized. Finally, future tests of the theory should
include a no-instruction control condition. It is possible that
differences between the sleep-restriction and active control
group conditions were attributable to an iatrogenic effect of the
snack-restriction condition rather than a benefit of the restric-
tion condition. For example, participants might have a favorite
snack that is soothing during times of stress. However, it is
important to note that it was still possible for participants to eat
their second favorite snack, which could also be used to alle-
viate stress. Also, prior studies using a high vulnerable sample
have shown similar increases in depressive symptoms over
similarly short-longitudinal time frames (Doom & Haeffel,
2013; Haeffel et al., 2007).

In conclusion, there is now converging evidence from both the
area of depression (the current set of studies) and the area of
anxiety/fear that less sleep has the potential to be beneficial. The
results from three independent studies that show that reductions in
sleep significantly increased resiliency to future depressive symp-
toms in individuals with cognitive vulnerability. These findings
support the new theory, and indicate that minimally invasive, easy,
and cost-effective sleep based interventions are a potentially effi-
cacious new strategy for mitigating depression. However, replica-
tion is needed. No single set of studies can validate a theory.
Indeed, Popper (1959) has argued that a theory can never actually
be “proven” regardless of the number of positive findings. We
subscribe to a philosophy of science where progress comes
from testing and falsifying theories (Meehl, 1978; Popper,
1959). The present work makes a significant scientific contri-
bution because a specific and falsifiable theory has been put
forth that explains how sleep influences risk for depression
among those with cognitive vulnerability. The theory is based
on basic research from the area of memory and sleep, and it has
passed its first series of tests. We look forward to continued
work that puts our new theory at risk of refutation.
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